ABSTRACT
INTRODUCTION
It has been well documented that the bone supporting two-piece implants undergoes resorption first following the second-stage surgery and later on further to abutment connection and delivery of the final prosthesis. [1] [2] [3] The influence of implant type, one-piece or soft tissue level implants vs two-piece or bone-level implants has not been sufficiently documented in humans, and data from animal studies are controversial.
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In 'bone level' type of implants, the transmucosal component (the abutment) dedicated to soft tissue integration is a separate part from the implant body. The interface between the transmucosal component and the implant is generally located in the vicinity of the buccal bone level.
Abrahamsson et al 4 demonstrated that the dimensions of the junctional epithelium and connective tissue are similar on both tissue and bone-level implants. In addition, their position relative to the bone crest was also comparable, with the soft tissue integration located on the smooth implant's neck on one-piece implants and at the abutment level on two-piece implants. While the possible reasons for early marginal bone loss have been extensively discussed, it remains a controversial issue. Bone reaction to the load, 5 a microgap between implant and abutment, 6 and polished implant neck (IN) 7 are some factors implicated in early periimplant bone loss.
In particular, the microgap and its influence on the formation of the biologic width has been also studied. 8 The dimensions of the periimplant soft tissue, as evaluated by histometric measurements, are significantly influenced by the presence/absence of a microgap between the implant and the abutment, and the location of this microgap in relation to the bone crest. 9 If the implant-abutment junction is positioned above the crest, the resorption of bone is significantly less than if it is positioned below the crest. Preservation of periimplant hard and soft tissue remains a challenge. Different strategies are currently used to minimize bone resorption such as graft material and implant macro-geometry. The exposed rough surface of the implant combined to the presence of micro-threads could be a potential risk for a future bacterial colonization and a starting point for a progressive bone loss leading to a possible implant failure. On the contrary, the use of a stable abutment connection with minimum micro movement might help to reduce the microgap and establish a stable periimplant biological distance; this will lead to a minimum crestal bone resorption. At this point, microgrooves and full texturing will potentially prevent bone resorption after implant loading.
The authors hypothesized that the configuration of the healing abutment is a negative factor following second-stage surgery, as its design does not respect the biological width, and favors the presence of a microgap. This will lead to a bone loss up to 1.5 mm around the neck of the implant even in presence of microgrooves and full texturing.
The aim of this study was to evaluate the influence of a stable implant prosthetic component connection on crestal bone remodeling around the neck of the implant, placed at second-stage surgery. The goal of this new therapeutic protocol relied on the benefit of a friction fit connection that respects the biological distance during prosthetic try-in stages.
MATERIALS AND METHODS
Study Design and Patient Selection
The present study was a prospective, multicentric, randomized controlled clinical trial with a parallel-group study design.
From February 2012 to September 2013, 18 partially edentulous patients were selected and treated in two different private dental clinics.
This study was designed and conducted in full accordance with the World Medical Association Declaration of Helsinki, as revised in 2002. All patients signed a specific written informed consent form and they had the right to withdraw from the study at anytime.
The inclusion criteria included the following: 
Surgical Technique
Three days prior to stage 1 surgery and for a 2-week period, all patients were instructed to use 0.12% chlorhexidine mouthrinse twice daily. Antimicrobial prophylaxis was obtained using amoxicillin 1 gm (Ospamox 1000 mg, Sandoz; Novartis, Basel, Basel-Stadt, Switzerland) twice daily for 6 days, starting 1 hour before surgery. A nonsteroidal anti-inflammatory diclofenac potassium 50 mg 9 JCDP (Cataflam 50; Novartis, Basel, Basel-Stadt, Switzerland) was also prescribed 100 mg daily in two divided doses, starting 1 hour before surgery. Local anesthesia (2% articaine/adrenaline 1:100,000) was used at the time of surgery.
Surgery began with a mid-crestal incision; a fullthickness flap was then elevated and the crestal ridge exposed. Following the manufacturer instructions, two full textured dental implants (Tapered Screw-vent®, 11.5 mm length and 4.1 mm diameter; Zimmer Dental, Carlsbad, CA, USA) were placed in a submerged protocol and positioned at 0.5 mm beneath the bone crest (Fig. 1A ). Patients were instructed to limit themselves to a soft diet for the first 3 weeks after surgery. Sutures were removed 7 days after surgery. No removable or fixed temporary acrylic restoration was used during the submerged period.
Second-stage surgery was performed 3 months after implant placement (Fig. 1B) . In this parallel-group study design, randomly and based on allocation concealment, one of the implants was uncovered using a healing abutment (control group), while on the other implant, a standard final short abutment was seated and tightened to 30 Ncm (test group) (Figs 1C and D). As the implants were initially placed 0.5 mm below the level of the crest, most of the implants were covered by crestal bone at secondstage surgery. Therefore, an osteotomy was needed to remove bone and uncover the platform, positioning the IN at crestal level [distance value between IN and first bone to implant contact (fBIC) equal to 0].
Six weeks after second-stage surgery, the final impression of the two implants was registered using polyether impression material (Impregum™3M ESPE AG, Germany), using the close tray technique. All 18 patients received a splinted two-unit cemented final prosthesis (Figs 1E and F). At each step of the prosthetic try-in, the abutment in the test group was removed and retightened to 30 Ncm. In all cases, the number of sessions for prosthetic work was limited to a maximum of four.
Radiographic Follow-up
Marginal bone levels were assessed through standardized periapical intraoral digital radiographs in the test and control group immediately after surgery and at 3, 6, 9 and 12 months follow-up examinations (Figs 2A to E). Radiographs were obtained using long-cone parallel projection and an image sensor holder. Radiographs that did not show clear implant threads were discarded and repeated.
Alveolar bone loss was measured at the mesial and distal sites of the implants from the implant-abutment interface to the crest of the alveolar bone using an automated image analysis program (Image J; NIH) to perform precise calibration and measurements.
For each pair of measurements, the mean value was used to compensate for the radiographic distortions. The scale in the image was set to the known distance of three consecutive implant threads (3 × 0.6 = 1.8 mm).
To reduce the error, one examiner carried out all measurements twice, at a 2-week interval. Comparing the first and second set of measurements assessed the intraobserver error.
Statistical Analysis
Statistical analyses were conducted to evaluate differences in alveolar bone loss over time and between the control and test implants. Firstly, descriptive statistics including the mean, standard deviation, median, minimum and maximum values were calculated within each group and at each time point. Graphical methods including boxplots and histograms were used to evaluate the distribution of data. Shapiro-Wilk statistics were calculated to evaluate the normality of the data distributions. A 4 (time) × 2 (condition) within-subjects repeatedmeasures analysis of variance (ANOVA) was used to evaluate changes by time and condition. The outcome was average alveolar bone loss in millimeters (average of mesial and distal measurements). Pairwise comparisons using Bonferroni correction were used to evaluate where differences occurred.
Due to the small sample size and the failure of normality at some time points, analyses were repeated using nonparametric methods to evaluate the consistency of the findings. Friedman's test by ranks, the nonparametric analogue of the one-way repeated-measures ANOVA, was used to examine differences over time, and differences between the control and test conditions. These analyses were conducted separately, as Friedman's test assesses only one within-subjects variable at a time. The nonparametric analysis yielded results that confirm the parametric one; therefore, repeated-measures ANOVA was reported in this paper, as means are easier to interpret and compare than medians.
All statistical analyses were conducted using SPSS v. 20. Charts were created using Minitab v.16.1.1. An alpha level of 0.05 was used as a decision point for statistical significance.
RESULTS
There was no statistically significant intraobserver error.
An interclass correlation coefficient of 0.961 was obtained between the first and second sets of measurements, yielding a low intraexaminer error. Therefore, the second reading of each assessment was used in the statistical analyses.
Descriptive statistics for the two groups at each time point are reported in Table 1 . It can be observed that the alveolar bone loss means in the control condition were higher than the means in the test condition at each time point. The medians at 3 months were markedly lower than the means in each condition, indicating skewed distributions.
Boxplots of the data distributions are provided in Graph 1 and histograms for the control and test conditions are depicted in Graphs 2 and 3 respectively.
Effect of Time and Treatment on Marginal Bone Loss
A repeated-measures ANOVA was used to assess the effects of time and condition and average bone loss. The two within-subjects variables were condition (two levels) and time (four levels). A full-factorial model was employed to examine their interaction. There were no between-subjects variables in the model. Pillai's trace was used to assess the multivariate effects. Pillai's trace is a positive-valued statistic, representing the proportion of variance in the multivariate dependent variable that is explained by the predictor. Increasing values indicate effects that contribute more to the model. Pillai's trace is often thought to be the most robust of the multivariate statistics to violations of model assumptions.
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The multivariate effects of the analysis are reported in Table 2 . There was a significant main effect of condition (p = 0.005), and of time (p < 0.001) but no interaction between the two variables (p = 0.238). Pairwise comparisons (with Bonferroni correction) of main effects were conducted to evaluate the differences. Despite the lack of interaction term, pairwise comparisons of simple effects were also undertaken, due to the a priori interest to examine at what time point(s) differences occurred between the two conditions.
Results of the pairwise comparisons are summarized in Table 3 . Firstly, with respect to the significant main Table 3 ), pairwise comparison of marginal means indicated that the mean bone loss at 3 months (0.223 mm) was significantly lower than the means at the other three time points, which did not differ from one another (0.687 mm at 6 M, 0.794 mm at 9 M and 0.946 mm at 12 M on average). Inspection of simple effects showed this pattern to be consistent in both the control and test conditions, with the average 3-month bone loss being significantly lower than the other time points.
Marginal comparison of the main effect of condition (final row in Table 3 ) indicated that the overall mean bone loss in the test group (0.582 mm) was significantly lower than the mean in the control group (0.743 mm). Comparison of simple effects indicated these differences were apparent at 9 and 12 months. Mean bone loss did not differ between the two conditions at 3 months. The significance value for the 6-month comparison of control and test means was p = 0.053, thus narrowly missing the cut-off for statistical significance. In summary, the results revealed that bone loss increased over time, with the greatest change in bone loss occurring between 3 and 6 months. Alveolar bone loss was significantly greater in the control than the test group, the latter having lower marginal bone loss of 20.88% at M3 (0.197 ± 0.262), 22.25% at M6 (0.601 ± 0.386), 24.23% at M9 (0.685 ± 0.341) and 19.2% at M9 (0.846 ± 0.454). The relationship between bone loss, time and condition is depicted in Graph 4.
Clinical Data
In this study, all 40 implants were successfully placed. Clinical stability was achieved and only one implant presented premature soft tissue exposure, leading to excessive marginal bone loss and was dropped out from the study. The same data set, based on radiographic evaluations, demonstrated that no per-implant radiolucency was found around the implants included in the present study. Thus, these implants achieved excellent hard tissue integration as assessed by clinical and radiographic means.
DISCUSSION
The periimplant bone level has been used as one of the criteria to assess the success of dental implants. It is an important prerequisite for preserving the integrity of gingival margins and interdental papillae. 12 A radiographic marginal bone loss of 1.5 mm during the first year followed by a radiographic marginal bone loss of 0.2 mm Graph 4: Mean bone loss in the control and test groups over time.
Bone loss significantly increased between 3 and 6 months for both conditions. Measurements taken between 6 and 12 months did not differ significantly. The mean bone loss in the control condition was significantly greater than in the test condition, with these differences being most apparent at the 9 and 12-month follow-up examinations.
during each succeeding year has been considered to be an important parameter for the assessment of implant success. 13 The periimplant bone remodeling occurs once the implant is exposed to the oral environment in a second surgical procedure or in case of a nonsubmerged technique immediately after implant placement. The remodeling process involves marginal bone resorption that is affected by one or more of the following factors: (1) A traumatic surgical technique; 14 (2) excessive loading conditions; 15 (3) the location, shape and size of the implant-abutment microgap and its microbial contamination; [16] [17] [18] and (4) the biologic width and soft tissue considerations. [19] [20] [21] [22] The purpose of this prospective, randomized controlled trial was to compare alveolar bone loss in control and test abutments, in a sample of 18 partially edentulous patients who each received two implants (one control, one test). Marginal bone levels were assessed mesially and distally at 3, 6, 9 and 12-month follow-up examinations. The average of mesial and distal measurements was considered as the outcome measure.
This within-subjects repeated-measures design was statistically evaluated using both parametric and nonparametric methods. Both methods yielded consistent findings, and subsequently, the parametric results were reported. Alveolar bone loss increased over time, with the changes occurring primarily between the 3-month and 6-month follow-up examinations.
The bone loss in the control condition (healing collar) was significantly greater than in the test condition (short abutment with friction-fit). Both conditions had similar results at 3 months, but the bone loss in the control condition exceeded that of the test condition as the length of follow-up progressed. After placement of the same final abutment in the test and control group, further increases in bone loss between 6 and 12 months were not statistically significant.
Jansen et al 23 previously demonstrated that there is always a microgap of approximately 10 μm between the abutment and the implant, irrespective of the implant system used. Histologic analysis has shown inflammatory infiltrate in the microgap. Rack et al 24 showed that microgaps exist in the investigated conical implantabutment connection, with or without load application. In another study, it was suggested that marginal bone level alterations could be related to the extent of implant/abutment mismatching. 25 This study showed an inverse correlation between the extent of mismatching and the amount of bone loss. Therefore, although it has been shown that the seal provided by a locking taper connection at the implant-abutment interface effectively impairs bacterial leakage, 26 the size of the inflammatory infiltrate seems to be rather limited in size, 27 on the order of 0.5 mm in diameter in dogs 17 as well as in humans. 28 Controversially, other studies by Hermann et al 29 and
King et al 30 demonstrated in dogs that the size of the microgap between implants and abutments has a little influence on marginal bone remodeling, whereas micro movements of the abutments induce significant bone loss, independent of the microgap's size. This strongly suggests that the mechanical disruption of the soft tissue interface is of importance. It has also been shown that five intentional abutment disconnections and reconnections (after alcohol disinfection) with monthly intervals induce an apical repositioning of the soft tissues and marginal bone resorption. 31 In contrast, a single shift of a healing abutment and replacement by a final abutment proved to induce no marginal bone remodeling. 32 Hermann et al 33 also performed five disconnections of healing abutments in dogs with 1-month intervals, but without alcohol disinfection. They observed no noticeable influence. In the present study, the authors performed four abutment disconnections and reconnections during prosthesis fabrication for control and test group. This strongly suggests that the statistical significant difference in bone loss occurring between the 3-month and 6-month follow-up examinations could mainly be due to the difference in implant abutment interface. The short abutment used in test group, once tightened till 30 Ncm, presents a friction fit internal hexagon with a modified design that has essentially eliminated all rotational misfit between the implant hex and the abutment. It consists of adding a 1º taper to the hex flat and a corresponding close-tolerance hexagonal abutment recess that is frictionfitted onto the hex. 34, 35 In contrast, the healing collar used in the control group is not tightened to 30 Ncm and does not present the same connection features leading to a higher micro movement and consequently to more marginal bone resorption. The results of the present study showed that the use of a friction fit abutment during the try-in stages succeeded in reducing periimplant marginal bone loss in the period (between 3 and 6 months) preceding the final restoration when compared with a conventional healing collar placement. A recent literature review analysis by Schwarz et al 36 revealed that the impact of the implant-abutment connection lacks documentation; the outcome of this study is contributing to solve this issue. In addition, this study clearly demonstrated the importance of a stable implant-abutment connection in reducing the micro movements that seems to be the main inducers of marginal bone remodeling. Whereas numerous studies demonstrated the role of different parameters such as the positioning of the smooth-rough interface, the size of microgap, the multiple abutment disconnections-reconnections, in periimplant bone resorption, this is the first study, as far as we know, that strongly evidenced the key role of the micro movements in early marginal bone loss. The findings of this study advise us to use a stable healing component since the early stages following implant placement. Ultimately, future healing abutment design should meet the characteristics of a stable connection.
CONCLUSION
Within the limitation of this study, the following conclusions may be drawn:
• The use of a stable connection in a healing component during try-in stages prior to final restoration placement demonstrated less periimplant marginal bone loss, when compared with placement of a conventional healing collar.
• It was noticed that marginal bone remodeling was a continuous phenomenon often in a positive way in a manner that marginal bone apposition occurred several months after loading in both test and control group. Future large-scale studies are still warranted to confirm the results obtained in the present study.
